Purification of a primase activity associated with DNA polymerase alpha from HeLa cells.
Highly purified preparations of eukaryotic DNA polymerase alpha have been shown to contain primase activity (Kaguni, L.S., Rossignol, J-M., Conaway, R.C. Banks, G.R., and Lehman, I.R. (1983) J. Biol. Chem. 258, 9037-9039; Yagura, T., Kozu, T., and Seno, T. (1982) J. Biol. Chem. 257, 11121-11127; Shioda, M., Nelson, E.M., Bayne, M.L., and Benbow, R.M. (1982) Proc. Natl. Acad. Sci. U.S.A. 79, 7209-7213). We have investigated the de novo synthesis of DNA by a primase-DNA polymerase alpha preparation isolated from human HeLa cells using the synthetic homopolymers poly(dT) and poly(dC) as templates. In the presence of poly(dT), synthesis of poly(dA) required ATP in addition to dATP while synthesis of poly(dG) in the presence of poly(dC) required GTP in addition to dGTP. The primase activity required a much lower GTP concentration (Km = 0.1 mM) than ATP (Km = 0.8 mM) for the synthesis of DNA. Guanosine 5'-O-(3-thiotriphosphate), 5'-guanylyl-beta, gamma-imidodiphosphate, and 5'-guanylyl methylenediphosphonate substituted for GTP but the corresponding ATP analogues did not substitute for ATP. Furthermore, ATP and ATP analogues inhibited the GTP-dependent reaction while GTP and GTP analogues inhibited the ATP-dependent reaction. DNase treatment of products labeled with [alpha-32P] GTP revealed that an RNA oligomer was covalently linked to newly synthesized DNA. Alkaline hydrolysis of these products yielded GMP and pppGp, indicating that the primer was initiated with GTP. Alkaline hydrolysis of [alpha-32P]dGTP-labeled products yielded 2'- and 3'-GMP showing that DNA chains are covalently linked to the 3' ends of RNA chains. The primase activity could not be separated from DNA polymerase alpha through a 200-fold enrichment involving phosphocellulose, DNA-cellulose, hydroxylapatite, DEAE-cellulose and glycerol gradient purification steps. However, primase activity was found to be less stable than DNA polymerase alpha activity under a variety of conditions.